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I. 


IN I RODUCTION 


In a recent sounding rocket experiment (NASA 13.005 US) launched on 
1072 June 27 at 1000 U’i , we have observed the solar x-ray spectrum in the 

I. 8 - 5. 3 A region using a Bragg crystal spectrometer (Wolff, 1074). At 

the time of the measurements tin; sun was quiescent, and the spectrum ob- 
tained as shown in Figure 1 was primarily continuum with a broad line feature 
at 5. I A. In this paper we (list uss these results quantitatively, comparing the 
x-ray data with other observations and solar models based on the assumption 
of thermal equilibrium. The spectrometer consisted of two panels of highly 
oriented pyrolytic graphite c ryslals (2d (>. 7 A) and proportional counters to 

detect the diffracted photons. Further details of the instrument and the con- 
version between counting rate and energy flux are presented elsewhere (Wolff, 

I *174). 

II. OBSERVATIONS 

The emission feature observed at 5. l ; 0.0b A must be interpreted as 
either the convolution of several spec tral lines, the superposition of lines 
from more than one active region, or both. This conclusion is necessitated 
by the 1.75° FWIIM, winch far exceeds '.he 1.2° FW11M response of the spectro- 
meter obtained in laboratory calibrations. We consider both possibilities, 
using predicted line intensities for optically thin plasmas (Tucker and Koren, 
1971; Mewe, l‘>72) and correlative optical and soft x-ray maps of the sun 
made on the same day. Additional data on the* spatial distribution of the x-ray 
emitting regions was obtained from a modulation collimator and proportional 
counter which was aligned with the crystal spectrometer. Combining these 
data, we are able to construe t models which can then be compared to the 
features in the observed spectrum to resolve the ambiguity. 

The modulation collimator consisted of two planes of parallel wires of 
diameter 0. 0254 cm separated by 0. 0035 cm and spaced 7. 62 cm oriented 
perpendicular to the scan path to yield transmission maxima at 0.48° intervals. 
With these parameters, the collimator would yield a purely trapaziodal response 
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to a single point source, a convolution of trapaziods to several point sources, 
and an almost unmodulated response to a uniformly luminous disk. The de- 
tector, sensitive to 1 . 5 8 keV x-rays, showed a modulation consistent with 

more than one point source superimposed on a disk continuum. A study was 
performed to simulate the amplitude and phase of the modulation collimator 
data with different solar models. A least squares analysis yielded a best fit 
with two point sources and a uniform disk contribution, with the point sources 
located at 0. 11° and + 0. 125° relative to the solar center as seen from the 
earth along the scan path, which passed through the disk center and was 24. 5° 
east of heliocentric north. The relative intensities of the two-point sources 
and disk were 1 : 3 : 2. 4 respectively. The fit was significantly worse if either 
source was shifted by 0. 02°. The rocket data and model calculation are given 
in Figure 2. Comparison of these results with the Fe XVII 14.44 - 15.83 A OSO-7 
spectroheliogram taken on the same day (Neupert, 1972) and observations at 
even longer wavelengths indicates that two active regions on the west limb are 
probably responsible for the emission seen at 0. 125° in the scan path and that 
two regions on the east limb project to the - 0. 1 1° point on the scan path. A 
comparison of the relative intensities of the regions shows that the two pairs 
make comparable contributions, but extrapolation to the shorter wavelengths 
observed by the Columbia spectrometer is ,*~t necessarily valid. 

The structure of the line feature in the spectrometer data was examined 
as the superposition of a series of emission lines from two active regions 
separated by 0. 23°. Spectral lines considered in the analysis, obtained from 
tables given by Kelley and Palumbo (1973), Mewe (1972), Tucker and Koren 
(1971), and Walker (1974a), were S XV (5. 04, 5.07, 5. 1 1 A), S XIV (5. 09 A), 

S XIII (5. 13 A), S XII (5. 18 A) and Si XIV (5. 22 A). The temperature dependence 
of the line intensity calculated by Mewe (1972) was also used. A subtraction 
of the continuum was necessary, as the line emission is superimposed on a 
steeply rising base line (Figure 1). On the short wavelength side of the 5. 1 A 
feature the continuum is quite flat, but at longer wavelengths there are pos- 
sible contributions from unresolved Si XIII lines at 5. 28 and 5. 41 A. We 
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Modulation collimator proportional counter 
data giving counting rate as a function of 
rocket tilt angle. Counting rate is average 
number of events per second per 0. 1° bin 
for all energies and the first two inward 
scans. Model data is superimposed and 
corresponds to point sources at 0. 125° SW 
and 0.11° NE of the center of the disk and 
a disk contri hution of 3 : 1 : 2.4 intensity 
ratio. 




therefore considered a range of possible continuum fluxes, taking as ont 
extreme that none of the long wavelength flux is due to other lines, and as 
an alternative, an estimate of the continuum based on an extrapolation of 
the short wavelength data only. These two possibilities establish upper and 
lowerlimits on the continuum flux, corresponding to line-to-continuum ratios 

O 

of 0. 24 and 0. 20 respectively in the range 4. 5 - 5. 5 A. Line-to-continuum 
ratios for optically thin plasmas have been calculated by Mewe (1972) in 1 A 
wavelength intervals for various temperatures and are in agreement with 
those of Landini and Fossi (1970). Comparing our results with Mcwc s cal- 
culations at 5 X, we find that our data can best be fit by a temperature between 
3. 8 and 4,3 x 10 °K. the large* number corresponding to the higher line-to- 

continuum ratio. 

The width, shape and .wavelength centroid of the emission feature are 
determined by both the spatial separation of the emitting regions and the 
temperature. A model was constructed on the basis of the analysis of the 
spatial data, and the temperature and emission measure were varied until 
a best fit to the observed spectrum was obtained. Since the mosiac spread 
of the graphite crystals was greater than the separation of the source regions, 
the major contribution to the observed width is due to the various emission 
lines. For the same reason, the fit of the model of the data was found to be 
quite insensitive to the relative intensities of the two regions. The tempera- 
ture of the emission plasma was the most important parameter, determining 
both the width and centroid of the emission feature through the rapid variations 
in the intensities of the various lines with small changes in temperature. Small 
increases in temperature result in a large shift to shorter wavelengths due to 
increasing strength of tne S XV triplet. The absolute accuracy of the spectro- 
meter angle to energy calibrations was ±0. 05 A at 5 A and was determined by 
preflight laboratory measurements with a monochromatic, collimated x-ray 
beam. On the basis of these considerations, we find that a best fit ;o the data 
is obtained with a plasma temperature of (3. 8 ± 1) X 10^* °K where the two emit- 
ting regions have the same temperature, but the emission measures differ by 
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a factor of two. The contribution to the emission feature due to the disk is 
negligible due to its lower temperature. If we assume the least or greatest 
continuum subtraction, as previously discussed, the best fit temperature 
ranges from 5 to 3 x 10^ *K, respectively. 

It is possible to derive 'he temperature from the slope of the continuum 
if there are no resolved or unresolved lines in a wavelength region. For 

example, after folding in the instrument efficiency, tiie slope of the curve in 

A 0 • 1 

is 5.6 A When the continuum processes ot 
bremstrahlung, radiative recombination, and two photon emission were added 
(Walker, 1974), this slope was found to correspond to a temperature of 
3. 1 v 10° K. 

m. DISCUSSION 

Ana? ji of the x-ray spectrum at 5 A, first on the basis of the line-to- 
contir.n ,..n ratio and then by the shape and position of the line profile, yield 
simitar results. The line-to-continuum comparison results in a higher 
plasma temperature than the absolute wavelength and line profile would 
indicate. This slight discrepancy could be due to a compact but hotter core 
in one or more of the active regions contributing relatively littl • continuum. 

At temperatures of 3. 1 and 3. 8 X 10^ °K, we would expect line -to -continuum 
ratios of 0. 14 and 0. 20, indicating that our data contains a line excess of ap- 
proximately 50% and 10%, respectively. 

An upper limit of 5 X 10^ °K, to the temperature of such a hot core, is 
given by the absence of the S XV lines at shorter wavelengths (Wolff, 1 Q 74). 

An additional check on the consistency of the analysi is obtained by examining 
the data for Ar XVII lines at 3. 99 .* which have been observed under quiescent 

solar conditions (Walker et al. , 1074a). There is a slight indication of such a 

• - 1 
feature in our data at 4 A, which contains a flux of 50 counts sec or 

less. Using the ionization equilibrium tabulations of Mewe (1972), we find that a 
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plasma temperature of 4. 3 X 10 K and emission measure of 10 cm” 

would produce such a flux. The absence of a more pronounced Argon line 

then sets an upper limit on the temperature consistent with the line-to-con- 

tinuum ratio. 

Recent high spatial resolution x-ray images of the sun taken with the 
Skylab x-ray telescope (Golub et al., 1974) have revealed the presence of 
a network of bright points distributed uniformly over the solar disk. Al- 
though the number of emission regions visible is quite large, their esti- 
mated temperature of 1 . 3 - 1.7 x 10^ °K is too low to produce sufficiently 
highly ionized species to contribute to the x-ray flux observed in this ex- 
periment. An alternative interpretation of these results is that the predicted 
line intensities are incorrect due to either insufficient atomic data or in- 
accuracies ; n the solar abundances used. As the principal species respons- 
ible for the emission feature are S ions, a small shift iu the ionic equilibrium 
would give rise to a large ' riation in the expected line profile. If the cal- 
culations used to derive the temperatures for these models are accurate to 
only 30%, the apparent discrepancy is resolved. Intensities for common 
lines calculator! by Tucker and Koren and by Mewe in general agree to 

O 

within a factor of two. We also note that a strong Si line at 5. 22 A could 
influent, oui results. Although the contribution of this line was taken into 
account, an overabundance of Si would enhance this line and shift the profile 
to longer wavelengths and yield correspondingly lower temperatures. Such 
a possible overabundance has recently been reported in observations of 
spectra from stellar x-ray sources (Burginyon, 1974). However, the solar 
abundance of silicon to sulphur has been determined to be 3. 9 (Walker et al. , 
1974b) and therefore an extreme solar overabundance of silicon can be dis- 
counted. 

The more detailed analysis of the structure of solar active regions nec- 
essitates both greater spectral and spatial resolution in order to establish 
whether the line and continuum emission are originating in the same volume, 
and which lines are the major contributors to the observed profile. High 
resolution PET crystals are used in conjunction with high sensitivity graphite 
crystals on the Columbia OSO-I experiment due to be launched in 1975. 
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LABORATORY OPERATIONS 


The Laboratory Operation! of The Aeroapace Corporation ia conducting 
experimental and theoretical inveatigationa neceaaary for the evaluation and 
application of acientific advancea to new military concepta and ayatema. Ver- 
aatility and flexibility have been developed to a high degree by the laboratory 
peraonnel in dealing with the many problema encountered in the nation'a rapidly 
developing apace and miaaile ayatema. Expertiae in the lateat acientific devel- 
opment! la vital to the accompli ahment of taaka related to theae problema. The 
laboratoriea that contribute to thia reaearch are: 

Aerophyaica Laboratory : Launch and reentry ae rodyna.nic a, he*- 'rana- 
fer, reentry phyaica, chemical kinetica, atructural mechanic!, flight dynamice, 
atmoapheric pollution, and high-power gaa laaera. 

Chemiatry and Phyaica Laboratory : Atmoapheric reaction! and atmoa- 
pheric optica, chemical reaction! in polluted atmoapherea, chemical reaction! 
of excited apeciea in rocket plumea, chemical thermodynamice, plaama and 
laaer-induced reactiona, laaer chemiatry, propulaion chemiatry, apace vacuum 
and radiation effecta on material!, lubrication and aurface phenomena, photo- 
aeneitive materiala and aenaora, high preclaion laaer ranging, and the appli- 
cation of phyaica and chemiatry to problem! of law enforcement and b<nmedicine. 

Electronic! Reaearch Laboratory : Electromagnetic theory, devicee, and 
propagation phenomena, including plaama electromagnetic!; quantum electronice, 
laaera, and electro-optica; communication aclencea, applied electronica, aemi- 
conducting, auperconducting, and cryatal device phyaica, optical and acouatical 
imaging; atmoapheric pollution; millimeter wave and far-infrared technology. 

Materiala Science! Laboratory : Development of new material!; metal 
matrix rompeeitea and new forma of carbon; teat and evaluation of graphite 
and ceramica in reentry; apacerraft materiala and electronic component! in 
nuclear weapon! environment; application of fracture mechanica to atreaa cor- 
roaion and fatigue-induced fracturea in atructural metala. 

Space Phyaica Laboratory : Atmoapheric and ionoaph, ric phyaica, radia- 
tion from the atmoaphere, density and compoaition of the atmoaphere, aurorae 
and airglow; magnetoapheric phyaica, coamic raya, generation and propagation 
of plaama wavea in the magne’oaphere; aolar phyaica, atudiea of aolar magnetic 
fielda; apace aatr< .omy, x-ray aatronomy; the effecta of nuclear exploaiona, 
magnetic atorma, and aolar activity on the earth 1 ! atmoaphere, ionoaphere, and 
magnet japhere: the effecta of optical, electromagnetic, and particulate radia- 
tion! in apace on apace ayatema. 
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